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Rogeria longiflora (Royan). Gray ex DC. (Pedaliaceae) is a medicinal plant used only by rural local people and not much information is avail-
able on its propagation practices. The present study highlights the effect of temperature, nutrients, smoke-water, smoke-isolated butenolide (known
as karrikinolide, KAR1) and watering frequency on seed germination and post-germination growth of R. longiflora. Alternating temperatures (30/
15 °C) with 16 h photoperiod yielded the highest percentage germination. The seeds exhibited maximum germination at pH 4 compared to the
other tested buffer solutions. Germination was not affected by smoke treatments, as ﬁre is uncommon in deserts. However, vigour of the seedling
was signiﬁcantly improved with KAR1 treatment (10
−8 M). Deﬁciency of nitrogen (N) suppressed seed germination, shoot length and root length
of 21-day-old seedlings. Seed germination was the highest in the absence of phosphorus (P). Watering thrice weekly showed better shoot length,
root length and plant weight after 12 weeks compared to watering once and twice weekly. The ﬁndings of this study reveal that N, P and moist
conditions are essential for optimum growth of R. longiflora plants.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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The desert of Namibia is the oldest and home to some of the
rarest and most interesting flora and fauna of the world. A low
average temperature compared to other deserts, low rainfall and
regular fog events characterize the Namib desert climate (Seely,
1978). Rogeria longiflora (Royan). Gray ex DC. (Pedaliaceae),
common name ‘gaml awib’, is a medicinal plant of the Namib-
ian desert. This annual herb, up to 2 m high, has large rhombic-
triangular leaves and approximately 7 cm long white, spurred
flowers, which grow in groups in the leaf axils. The most dis-
tinctive feature, however, are the woody, 4–6 cm long fruits
with 2 large cone-shaped thorns. Fruits (pods) are clustered
around the stem and are pointed upwards.⁎ Corresponding author. Tel.: +27 33 2605130; fax: +27 33 2605897.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
0254-6299/$ -see front matter © 2011 SAAB. Published by Elsevier B.V. All right
doi:10.1016/j.sajb.2011.12.002This plant is very common in the Kuiseb riverbed. The Kui-
seb river flows through the central Namib. The seeds are used
for wounds and burns and the roasted seeds are mixed with
fat and put on wounds by the Topnaar people of Namibia
(Van Damme and Van den Eynden, 1993). Additionally, R.
longiflora could serve as an indicator species for climate
change (Burke, 2004) due to its restricted habitat (Van
Damme et al., 1922). This plant is widely used only by the Top-
naar but not much attention has been given to its propagation
and conservation. If this species is to be propagated, there is in-
sufficient information available on seed germination and seed-
ling growth with respect to environmental (light, temperature,
moisture etc.) and other growth factors. In many instances,
soil pH directly or indirectly influences both germination ands reserved.
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availability to a plant depends much on the acidity or alkalinity
of the soil. Soils from different regions of the Namib desert
shows pH values between 6.8 and 9.4 (Burke, 2002; Van
Rooyen et al., 2004), which is slightly acidic and frequently
more alkaline in nature.
The present study was conducted to evaluate the effect of
light, temperature, macronutrients and pH on seed germination
and seedling growth of R. longiflora. Smoke is not a common
phenomenon in the desert, but it is suggested that smoke-
water and smoke-derived butenolide (karrikinolide, KAR1)
can stimulate seed germination and seedling growth of species
from fire-free environments (Light and Van Staden, 2004;
Light et al., 2009) and some South African indigenous medici-
nal plants (Sparg et al., 2005). Smoke components such as
smoke-water and KAR1 were therefore tested on this species
for stimulatory effects.
2. Materials and methods
2.1. Seed source and viability
One-year-old R. longiflora seeds were purchased from Sil-
verhills Seeds (Cape Town, South Africa). Seeds were stored
(3 months) at 10 °C until used for the experiments. Viability
was determined using 1% (w/v) tetrazolium salt (TTC; 2, 3,
5-triphenyl tetrazolium chloride) solution (International Seed
Testing Association, 1999). Four replicates of 25 seeds each
were soaked in TTC solution in the dark for 24 h at 25
±0.5 °C. Subsequently, each seed was dissected and a
completely red stained embryo was considered as representing
a viable seed (Freeland, 1976).
2.2. Seed moisture content and imbibition
Moisture content of seeds was determined by drying them at
110 °C in a preset incubator until there was no further loss in
seed weight (Probert and Hay, 2000). For imbibition studies,
the seeds were placed in 9 cm disposable Petri dishes on two
layers of Whatman No.1 filter paper moistened with 4.5 ml dis-
tilled water and allowed to imbibe at room temperature (25
±0.5 °C). The increase in seed weight was determined after 2,
4, 6, 8, 10, 12, 24 and 48 h. Seeds were blotted dry before
weighing and returned to wet filter paper afterwards.
2.3. Germination protocol
The seeds of R. longiflora were decontaminated with 0.1%
mercuric chloride (HgCl2) for 2 min and then rinsed with dis-
tilled water prior to germination tests. All treatments consisted
of four replicates with 20 seeds each. The seeds were placed
on two layers of Whatman No. 1 filter paper in disposable
Petri dishes (9 cm). The filter paper was moistened with
4.5 ml distilled water or test solutions. Germination was
recorded daily and was considered complete once the radicle
protruded about 2 mm in length. All experiments were contin-
ued for 21 days. Mean germination time (MGT) was calculatedby using the equation; MGT=Σ (n×d)/N, where n=number of
seeds germinated on each day, d=number of days from the be-
ginning of the test, and N=total number of seeds germinated at
the termination of the experiment (Ellis and Roberts, 1981).
The germination rate was calculated by a modified Timson
index as; Germination rate (GR) (% d−1)=Σ [(G1/t)+ (G2/t)+
(G t/t)] where G is the percentage of seed germination at 1-
day intervals, and t is the total number of days of the germina-
tion period (Easton and Kleindorfer, 2009).
2.4. Effect of temperature and light conditions on seed
germination
To determine the effects of different temperature regimes,
the seeds were incubated at constant (10, 15, 20, 25, 30 and
35 °C) and alternating (30/15 °C) temperatures under a 16 h
photoperiod with a photosynthetic photon flux density
(PPFD) of 80.6±7.8 μmol m−2 s−1. For continuous dark treat-
ments, the Petri dishes were placed in lightproof wooden boxes
at 25±5 °C, and germination was assessed daily under a green
‘safe light’ (PPFD of 0.3 μmol m−2 s−1).
2.5. Effect of different pH levels on seed germination
The effect of pH (4 to 10) on germination was studied using
buffer solutions as described by Chachalis and Reddy (2000).
Potassium hydrogen phthalate buffer solution (2 mM) was ad-
justed to pH 4 with 1 N HCl. A 2 mM solution of MES [2-
(N-morpholino) ethanesulfonic acid] was adjusted to pH 5
and 6 with 1 N NaOH. The solution of HEPES [N-(2-hydroxy-
methyl) piperazine-N-(2-ethanesulfonic acid)] (2 mM) was ad-
justed to pH 7 and 8 with 1 N NaOH. Buffer solutions of pH
9 and 10 were prepared with 2 mM tricine [N-Tris (hydroxy-
methyl) methylglycine] and adjusted with 1 N NaOH. Petri
dishes were incubated at 30/15 °C with 16 h photoperiod period
(PPFD of 80.6±7.8 μmol m−2 s−1) and seeds were germinated
as described earlier.
2.6. Effect of smoke-water, KAR1 and nutrients on seed
germination
Seeds were incubated with smoke-water (1:500 v/v) or bute-
nolide (3-methyl-2H-furo[2,3-c]pyran-2-one) (KAR1) solution
(10−8 M) isolated from plant-derived smoke. The smoke-
water was prepared by the method outlined by Baxter et al.
(1994), and the butenolide was isolated from plant-derived
smoke-water according to the protocol of Van Staden et al.
(2004).
In this study different concentrations of Hoagland's nutrient
solution (HS) (10%, 25% and 50%) (Hoagland and Snyder,
1933) were used for seed treatment. The effects of three macro-
nutrients nitrogen (N), phosphorus (P), and potassium (K) were
studied by eliminating each one from half-strength HS solution
(50%) as described by Kandari et al. (2011). Each treatment
was represented as −N, –P and –K. This experiment was car-
ried out under alternating light (16 h photoperiod) conditions
at 25±0.5 °C.
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Fig. 1. Water imbibition of Rogeria longiflora seeds at 25±0.5 °C. Symbols are
with standard error bars (±S.E.).
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vigour
To test the growth response of R. longiflora seedling to
smoke-water (1:500 v/v), KAR1 (10
−8 M) and different nutri-
ent constituents, seeds that were treated with these solutions
and germinated were allowed to grow in the same Petri dishes
for 21 days. The water-treated seeds served as a control. Seed-
ling vigour index (SVI) was calculated as; SVI=[shoot length
(mm)+root length (mm)]×percentage germination (Dhindwal
et al., 1991).
2.8. Effect of watering and nutrients on plant growth
To evaluate the specific requirements for the growth of R.
longiflora plants, these factors were investigated under con-
trolled conditions. Two-week-old seedlings grown in Petri
dishes were transplanted to 15 cm diameter pots filled with
acid-washed sterile quartz sand. Each pot consisted of six seed-
lings with three replications per treatment. Pots were arranged
randomly in a plant growth chamber under 16 h photoperiod
(PPFD of 80.6±7.8 μmol m−2 s−1) at 25±5 °C.
To test the effect of watering on plant growth, three levels of
watering frequencies (W1–watering once weekly, W2–water-
ing twice weekly and W3–watering thrice weekly) were stud-
ied by irrigating pots with 75 ml of water on the first, third
and fifth day of the week. Watering was replaced once weekly
by adding 75 ml HS (50%) to each pot. The plants were har-
vested after 12 weeks and various growth parameters measured.
To determine the nutrient requirement of plants, three differ-
ent levels of HS (10%, 25% and 50%) were tested. The effects
of deficiency of the three macronutrients N, P, and K were also
studied by eliminating each one of these macronutrients from
half-strength HS (50%). The plants were treated by adding
75 ml of half-strength HS (50%) without N or P or K (−N, –
P, –K) twice weekly. Half-strength HS (50%) containing
NPK was used as the control. The experiment was terminated
after 12 weeks and shoot/root length, number of leaves, number
of lateral roots, total leaf area and shoot/root fresh and dry
weights were recorded.
2.9. Statistical analysis
The statistical analysis of percentage germination was con-
ducted on arcsine transformed data. Seedling growth data
with different treatments were analyzed using one-way analysis
of variance (ANOVA) and Duncan's multiple range test was
evaluated at a 5% level of significance with GenStat® release
12 statistical package (GenStat, 2009).
3. Results
3.1. Seed viability, moisture content and imbibition
Seeds of R. longiflora tested with TTC after one year
showed 97% viability. Moisture content of R. longiflora seedwas 5.3%. Imbibition of water by the seeds rapidly increased
up to 6 h and slowed down thereafter (Fig. 1).
3.2. Effect of temperature and light on seed germination
The percentage germination of R. longiflora seeds signifi-
cantly increased at 30/15 °C with the shortest mean germina-
tion time (MGT) under alternating light conditions compared
to other examined temperatures (Fig. 2). At constant dark con-
ditions, this alternating temperature increased MGT and
showed greater percentage germination, which was not signifi-
cantly different from constant 25 and 30 °C (Fig. 2). No germi-
nation was recorded at 10 °C under alternating light conditions.
However, under constant dark conditions the seeds showed
some germination (Fig. 2). Germination rate (GR) showed a
similar trend in both alternating light and constant dark condi-
tions when seeds were germinated at different temperatures.
Generally, GR was greater at all temperatures under alternating
light than the seeds that were subjected to constant dark
conditions.
3.3. Effect of pH levels on seed germination
The percentage germination of seeds of R. longiflora de-
creased as the pH of test solutions increased. The percentage
germination was significantly greater between pH 4 and 6 in
comparison to pH between 8 and 10. The highest percentage
germination was recorded at pH 4. There was a declining GR
and increasing MGT between pH 5 and 10 (Fig. 3).
3.4. Effect of smoke-water, KAR1 and nutrients on seed germi-
nation, seedling growth and vigour
Smoke-water and KAR1 solution did not show significant
increases in percentage germination (Table 1). A significant de-
crease in percentage germination was recorded in absence of N
compared to the other treatments. The control treatment showed
a significantly shorter MGT and higher GR compared to other
treatments (Table 1). The longest shoot length was recorded
in the absence of P, which was significantly different from the
other treatments (Table 1). KAR1 solution produced
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Fig. 2. Effect of different temperatures on germination percentage, rate and time
of germination of Rogeria longiflora seeds under alternating light (16 h photo-
period) and constant dark conditions. Bars (±S.E.) in each light condition with
different letters are significantly different according to Duncan's multiple range
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exception of –K treatment. In the absence of K, seedlings of
R. longiflora exhibited significantly greater weight over the
control seedlings. Although solutions of KAR1, –K and –P in-
creased the vigour index of the seedlings, in most cases these
results were not significantly different from the other treatments
(Fig. 4). The lowest vigour index was found for the nutrient so-
lution without N and this result was significantly different from
the other treatments with the exception of 10% HS (Fig. 4).pH of buffer solution
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Fig. 3. Effect of different pH levels on rate and time of Rogeria longiflora seed
germination when incubated at 30/15 °C under 16 h photoperiod for 21 days.
Bars (±S.E.) with different letters are significantly different according to Dun-
can's multiple range test (Pb0.05). Values above the letters indicate mean ger-
mination time in days.3.5. Effect of watering and nutrients on plant growth
In comparison to the application of low watering frequencies
(W1 and W2), a high watering frequency (W3) significantly in-
creased root length, number of leaves, number of lateral roots,
shoot fresh and dry weights of R. longiflora plants (Table 2).
All other parameters examined also showed an improvement
but these results were not significantly different. The plants,
which were grown with 50% HS, showed significantly higher
values for most of the studied growth parameters than 10%
and 25% concentrations of HS (Table 2). In the absence of K,
the plant growth parameters such as shoot length, number of
leaves, number of lateral roots, leaf area, shoot and root fresh
weights and root dry weight were significantly greater than
with the nutrient solutions without N and P (Table 2).
4. Discussion
When the seeds of R. longiflora were artificially aged at
45 °C with 60% relative humidity, time to 50% viability loss
determined by Probit analysis was about 6 months (Probert et
al., 2009). In this study, R. longiflora seeds were stored at
low temperature. This could attribute to higher viability of
seeds, suggesting that the seeds of this species require low tem-
perature storage for maintaining viability.
There was a sharp increase in water uptake of R. longiflora
seeds between 4 and 6 h, after which percentage imbibition
was slow. A high water uptake (191±9.7%) at the end of
48 h (Fig. 1) suggests that the seeds of R. longiflora do not
posses any hard coat dormancy mechanism. This was con-
firmed by germination experiments. Seeds of R. longiflora
achieved maximum percentage germination at 30/15 °C under
both alternating light and continuous dark conditions (Fig. 2).
The other tested temperatures were not as effective as 30/
15 °C in inducing germination of R. longiflora. Germination
was low at 10 and 35 °C under constant dark conditions and
did not occur at 10 °C with alternating light conditions. This
is a similar response as for other desert species (Derbel et al.,
2010; Tobe et al., 2001). Temperature for germination of
seeds of semi-desert and desert shrubs ranges from 15 to
35 °C and generally 20 to 25 °C are suitable for most species
(Baskin and Baskin, 1998).
R. longiflora seeds showed better performance in alternating
light than constant dark conditions, indicating that the seeds are
light-requiring. A desert plant species Haloxylon salicornicum
showed similar performance with higher percentage germina-
tion in light than in dark (Choi et al., 1976). In many plant spe-
cies, temperature and light play a significant role in seed
germination (Bewley and Black, 1982). Seed germination per-
centage also depends upon the magnitude and duration of tem-
perature to which seeds are exposed (Youssef, 2009).
Seed germination of R. longiflora was significantly greater at
pH 4, 5 and 6 in comparison to a pH of 8, 9 and 10. The soil
pH in deserts is alkaline (Evenari, 1985) due to the deficiency
of nutrients. In spite of this, many desert species respond differ-
ently to different pH levels. Germination of seeds of Larrea
divaricata was better at pH's of 7, 8, 9 and 10 (Barbour, 1968).
Table 1
Effect of different concentrations of Hoagland's nutrient solution (HS), deficiency of nitrogen, phosphorus and potassium (−N, –P and –K), smoke-water (SW) and
karrikinolide (KAR1) on seed germination and seedling growth (21 days) of Rogeria longiflora at 25±0.5 °C under a 16 h photoperiod.
Treatment Germination (%) Mean germination time (days) Germination rate (% d−1) Shoot length (mm) Root length (mm) Seedling fresh weight (mg)
Control (water) 83.8±5.1 a 2.7±0.1 c 32.3±1.8 a 20.3±2.6 cd 44.8±8.6 bc 22.9±8 c
HS 10% 82.5±3.2 a 4 .0±0.2 b 18.4±1.3 c 22.4±2.2 bcd 22.8±2.0 c 26.5±2 abc
HS 25% 80.0±3.5 a 4.1±0.1 b 17.6±0.2 c 29.6±2.5 b 33.5±5.1 c 31.5±5 abc
HS 50% 81.2±2.3 a 4.4±0.3 b 17.4±0.9 c 25.5±2.2 bc 31.7±1.8 c 36.7±1 ab
−N 42.5±4.7 b 7.3±0.4 a 5.1±0.8 d 22.7±2.1 bc 36.8±5.5 bc 33.0±2 ab
–P 85.0±6.1 a 4.4±0.4 b 15.9±0.7 c 40.9±3.6 a 35.8±4.0 c 28.5±3 ab
–K 83.7±2.3 a 4.6±0.3 b 17.6±1.4 c 23.2±3.5 bc 60.2±8.0 ab 39.1±3 a
SW 1:500 v/v 81.2±2.3 a 4.3±0.2 b 19.5±1.6 c 18.2±2.2 cd 45.7±12 bc 23.8±2 c
KAR1 10
−8 M 83.7±3.1 a 3.6±0.1 b 24.1±0.9 b 14.7±0.6 d 72.5±12.8 a 34.7±3 abc
Mean values (±S.E.) in each column with different letters are significantly different according to the Duncan's multiple range test (Pb0.05).
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tata had greatly reduced germination at pH 9 and 10. In Anisa-
canthus wrightii, seed germination was 80 to 100% from pH 4
to 8 and 60% at pH 9 (Whisenant and Ueckert, 1981). Permeable
seeds ofEysenhardtia texana showed better germination from pH
5 to 9, whereas Leucaena retusa obtained higher germination
from pH 7 to 9 than at pH 5 and 6 (Whisenant and Ueckert,
1982). This indicates that pH would be a limiting factor for ger-
mination of R. longiflora seeds, which needs acidic conditions
for optimum germination. The variable response of R. longiflora
seeds to temperature, light and pH indicate that R. longiflora re-
quires specific environmental cues for germination in an arid de-
sert habitat.
Smoke-water, KAR1 and nutrient solution did not have any
significant effect on seed germination. In most deserts, the ger-
mination of species is not affected by heat shock or smoke as
fire is not a common ecological phenomenon (Thomas et al.,
2003). Similar findings have been reported by Page (2006),
where many desert species did not respond to smoke treatment.
However, treatment with KAR1 improved seedling vigour of R.
longiflora (Fig. 4). Smoke treatment may not have an effect on
germination but it may play a stimulatory role at post-
germination stages (Sparg et al., 2005), as was the case for R.Treatment
Se
ed
lin
g 
vig
ou
r i
nd
ex
0
2000
4000
6000
8000
10000
abcd
de
bcd
e
abc
ab
abcd
a
cd
Co
ntr
ol
HS
 10
%
HS
 25
%
HS
 50
%
-
N
-
P
-
K
SW
 1:
50
0 v
/v
KA
R 1
 
10
-
8 M
Fig. 4. Effect of different concentrations of Hoagland's nutrient solution (HS),
deficiency of nitrogen, phosphorus and potassium (−N, –P and –K), smoke-
water (SW) and karrikinolide (KAR1) on vigour index of Rogeria longiflora
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ferent according to the Duncan's multiple range test (Pb0.05).longiflora seeds. Smoke and smoke-isolated KAR1 stimulate
seedling growth in many plant species from different environ-
ments (Baxter and Van Staden, 1994; Brown, 1993; Kulkarni
et al., 2007; Van Staden et al., 2006).
In the absence of N, seed germination of R. longiflora was
affected negatively (Table 1). Results of vigour index of 21-
day-old seedlings indicated that N and P are more important
than K (Fig. 4). Soil N and P availability are wide-spread con-
straints for plant productivity (Elser et al., 2007; LeBauer and
Treseder, 2008) and are limiting factors in desert environments
(Drenovsky and Richards, 2004; Harpole et al., 2007; James et
al., 2005). Abundance and biomass productivity of relatable
plants differ with N and P contents of the soil (Breymeyer
and Klimek, 1983; Weiner et al., 1982; Wesche et al., 2007).
Increasing watering frequency and nutrient level showed
better growth performance of R. longiflora plants. On the
other hand, deficiency of macronutrients inhibited plant growth
and indicated that N and P are more important than K, this find-
ing is in agreement with results of seedling growth experiments.
N and P are well known as supportive of vegetative growth,
while K is more important in flowering and cropping. Rao
and Allen (2010) showed that the production of invasive
grasses and native forbs was the highest in the California desert
under nitrogen and water-treated soil. The low moisture in de-
serts can prevent species from responding to nutrients
(Gutièrrez, 1992). Water availability is therefore an important
factor for regeneration and seedling recruitment of desert
plant species (Baskin et al., 1993; Evenari, 1985; Fenner,
1991; Koller et al., 1964), which is accomplished by rainfall
(Inouye, 1991). In the case of R. longifolia plants, rainfall
may fulfill the requirement of moisture but the source of N
and P in the natural ecosystem is unknown. Desert shrubs
may depend heavily on resorption of major nutrients like N
and P. Nutrient resorption is the physiological process whereby
plants conserve nutrients for future utilization. However, envi-
ronmental changes in deserts can reduce the efficiency of re-
sorption (Killingbeck, 1993).
5. Conclusions
This study indicated that R. longifolia seeds do not possess
seed coat dormancy and show better germination at 30/15 °C
under alternating light conditions. Acidic conditions are more
Table 2
Effect of watering frequencies, different concentrations of Hoagland's nutrient solution (HS) and deficiency of nitrogen, phosphorus and potassium (−N, –P and –K)
on plant growth of Rogeria longiflora at 25±0.5 °C under a 16 h photoperiod. Treatments were initiated on two-week-old seedlings and the plants were harvested
after 12 weeks.
Treatment Shoot length
(mm)
Root length
(mm)
Number of
leaves
Number of
lateral roots
Total leaf area
(cm2)
Shoot fresh
weight (g)
Root fresh
weight (g)
Shoot dry
weight (mg)
Root dry
weight (mg)
Watering frequency
Once weekly (W1) 211±25.8 a 59.7±5.2 b 8.7±0.4 b 5±1.0 b 19.6±5 a 7.5±2.1 b 1.4±0.3 a 572.5±189 b 194±92.5 ab
Twice weekly (W2) 226±16.1 a 70.8±5.9 b 7.7±0.5 b 5±0.4 b 21.8±6.0 a 9.0±2.4 b 0.7±0.1 b 940±264 b 130±47.7 b
Thrice weekly (W3) 250±24.8 a 291±39.1 a 12.5±1.5 a 8±1.8 a 32±10.8 a 20.4±3.4 a 1.8±0.6 a 1970±493 a 301±71.1 a
Nutrient level
HS 10% 66.6±4.2 c 51.7±4.9 c 5.3±0.3 b 4.5±0.5 b 1.7±0.1 b 0.61±0.06 b 0.27±0.3 b 238±26.7 b 83.6±17.6 b
HS 25% 141.4±15.2 b 85±13.7 b 6.8±0.9 b 6.3±1.0 ab 7.5±1.2 b 2.5±0.5 b 0.72±0.1 b 267±63 b 380±72 a
HS 50% 201.6±21.7 a 120±18.2 a 9.3±0.5 a 7.6±1.7 a 26±6.0 a 10.6±2.4 a 1.40±0.6 a 721±210 a 393±51.5 a
Nutrient deficiency
Control 145.2±5.2 a 101.1±13 a 5.8±0.3 b 10±0.5 a 18.6±1.5 a 7.23±0.5 a 0.95±0.0 a 1156±166.9 a 404±52.4 a
−N 63.3±2.3 b 68.6±5.6 b 4.5±0.3 c 4.3±0.4 b 3.9±1.3 b 0.66±0.1 c 0.22±0.02 c 271.6±13.7 b 119±9.4 b
–P 69±2.1 b 48.3±5.3 b 3.1±0.3 d 4.5±0.4 b 2.7±0.31 b 0.65±0.04 c 0.26±0.2 c 331±13.6 b 617±8.5 b
–K 143±8.8 a 79±15.4 ab 8.8±0.7 a 9.4±0.6 a 15±3 a 5.3±0.9 b 0.59±0.1 b 396±118.9 b 443±101.4 a
Mean values (±S.E.) in a column of each treatment with different letters are significantly different according to the Duncan's multiple range test (Pb0.05).
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ourous seedlings were achieved in the presence of KAR1, N
and P. Deficiency of N and P negatively affected the growth
of R. longifolia plants. High soil moisture and nutrient levels
are a prerequisite for healthy growth of R. longifolia plants.
The summer season (January to March) will be the best period
to grow this species, when there is greater precipitation in the
central Namib. Findings of this study can be useful in propagat-
ing and establishing this medicinal plant of the Namib Desert.Acknowledgements
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